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Abstract 
Background: Classify and quantify the wear of the implant and abutment interface simulating a loose screw situation. 
Methods: Nine external connection titanium implants were split into 4 groups: Group A (no hexagon titanium abutment), 
Group B Titanium abutment (with hexagon) (n=3), Group C Zirconia abutment with hexagon (n=3) and Group D mix 
abutments (n=2). All components were individually weighted and the rotational freedom for each pair was access before 
and after testing. The specimens were tested an Instron 8874 fitted with a dynamic load cell with a torque capacity of 
100Nm and a precision of 0.5% from 1% of the full scale. They were loaded with a sinusoidal rotational angle that was 
different for each group (A= 6º, B= 3.3º, C= 0.835º, D=6.6 º), 4 Hz, for 250.000 cycles. After testing all components were 
photographed with a SEM. Spearman’s correlation analysis was made. 
Results: Regardless of angle and materials the rotational freedom increased in all groups. Volume loss with zirconia 
abutment was more than double than with a titanium abutment. 
Conclusion: The loose screw in implant prosthesis may lead to the wear of the hexagon on both components. This wear 
is sufficient to compromise the connection beyond repair. 
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Abbreviations: SEM: Scanning Electron Microscopy; 
FEG: Field Emission Gun 
 
Introduction 
     Single implant crown is a routine procedure 
worldwide. It is a simple predictable treatment supported 
by several studies [1,2]. In contrast to the high success 
rates of osseointegration (95% to 97%), mechanical 
complications are still common in implant dentistry [3,4]. 
Mechanical complications such as screw loosening, screw 
fracture, and framework fracture have been reported to 
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be as high as 44.9% [4,5]. Despite the existence of several 
different implant/abutment interfaces, the external 
hexagonal geometry remains the most common design in 
use [6]. The use of stabilized zirconium oxide (ZrO2) as an 
aesthetic material has emerged as meeting the needs of 
most resistant prostheses [7]. The literature on the 
mechanical behaviour of zirconia samples is scarce, but 
some point out towards similar success rates for both 
zirconia and titanium abutments materials [8]. Fatigue 
tests studies have used different methodologies for the 
applied axial load, frequency, and number of cycles 
[6,9,10]. The frequency of cycles is reported in the 
literature as ranging from 1 to 19 Hz [10]. An individual 
typically performs three episodes of chewing lasting 15 
min, with a frequency of 60 cycles per minute (1 Hz); this 
generates 2700 chewing cycles per day, which equals 1 
million cycles per annum [9]. The connection between 
zirconia and the implant is a mechanical challenge. There 
is still sparse information regarding what happens in the 
hexagon implant-abutment connection. Implant 
components vary in accuracy, consistency, and fidelity 
due to the different machine tolerances in fabrication. 
Rotational freedom can be defined as the difference 
between the patrix implant hexagonal extension and the 
matrix hexagonal abutment counterpart [11] in a small 
mastication simulation test (only 500 cycles) found 
titanium debris abraded from the external hexagon by the 
aluminum oxide abutment (ZiReal Post) [11]. The goal of 
this work was to study the implant-abutment connection 
after shear/torsion scenario of repetitive loads which 
induce a loosening of the abutment that mimic the loose 
screw condition. To our best knowledge torsional tests 
were only conducted at the bone-implant interface [12].  
 
Materials 
     Nine external connection titanium implants Lance 
4x10mm (MIS Implants Technologies Ltd, Bar Lev 
Industrial Park, Israel) Lot W0198132, were embedded 
with acrylic resin Orthocryl (Dentautum GmbH Co. KG, 
Ispringen, Germany). The implant systems were split into 
4 groups: Group A or control (no hexagon titanium 
abutment), Group B Titanium abutment (with hexagon) 
(n=3), Group C Zirconia abutment with hexagon (n=3) 
and Group D mix abutments (n=2). 
 
     The Zirconia abutments (ICE Zirkon, Zirkonzahn GmbH, 
Gais, Italy) were custom made by an expert laboratory 
technician. Prior to testing, the rotational freedom for 
each pair was access with a custom made device as 
described by Binon (Binon PP. Evaluation of machining 
accuracy and consistency of selected implants, standard 
abutments, and laboratory analogs. All components were 
individually weight in a scale, FR-300 (A&D, Tokyo, Japan) 
with a precision of 0,01 mg before and after testing. Each 
pair was torqued with a titanium screw (REF CO-S0240 
Lot W02176744 MIS Implants Technologies Ltd, Bar Lev 
Industrial Park, Israel) to 35N/cm with a BTG60CN-S 
(TOHNICHI,Tokyo, Japan) torque wrench, as 
recommended by the manufacturer. The specimens were 
secured first on the lower grip of an Instron 8874 (Instron 
Corporation, Norwood, MA, USA) machine at 30 bar 
(300N/cm2). Increased care was taken to verify the 
verticality of the specimen. The upper grip of the testing 
machine was equipped with a dynamic load cell (biaxial 
2527-111 Dynacell™ (Instron Corporation, Norwood, MA, 
Estados Unidos)) with a torque capacity of 100Nm and a 
precision of 0.5% from 1% of the full scale. The specimens 
were loaded with a sinusoidal rotational angle, θ given in 
Table 1 at a frequency of 4 Hz, for 250.000 cycles. A 100N 
vertical compressive force was used to simulate occlusion 
and to help stabilize the apparatus. After testing the 
rotational freedom was measured, and the abutments 
were carefully disconnected and photographed. Scanning 
electron microscopy (SEM) analysis was carried out at 
MicroLab (Instituto Superior Técnico, Universidade de 
Lisboa, Portugal) on implants before and after the cyclic 
tests, to illustrate the damage caused by twisting. SEM 
analysis was carried out in a field emission gun scanning 
electron microscope FEG-SEM (model 7001 F, JEOL) using 
an accelerating voltage of 10 kV. During testing one of the 
specimens failed and was replaced by a new one. 
Statistical analysis was performed using the software 
SPSS (Statistics 22, 2016, IBM USA). The Spearman’s 
correlation coefficients were applied to correlate the 
rotational freedom with the volume loss of the dental 
components. Correlations were statistically significant for 
p-value lower than 0.05, while for p-value lower than 
0.01, they were highly statistically significant. 
 
 
Number of specimens Angle θ (º) 
Group A 1 6 
Group B 3 3,3 
Group C 3 0,835 
Group D 2 6,6 
Table 1: Sinusoidal rotational angle, θ assigned for each 
group. 
 
Results 
     In all groups, after testing the screws were all loose. In 
group A the rotational freedom increased from 1,706º to 
7,267 more than 4 times (Table 2). In Group B the 
increase was lower, only 1,7x more from 1,910º to 3,291º 
(Table 2). In Group C the both the hexagons were 
completely destroyed as expected so it was impossible to 
measure a value. The volume loss was greater for all 
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groups in the implant (Table 3). The Zirconia abutment 
suffered little wear but caused the most damage to the 
implant. In the Spearman’s correlation analysis of all 
groups (Table 4), as expected, there is a negative 
correlation between the increase in rotational freedom 
and the wear of the abutment (p<0.05, r= -0.640). There is 
a negative correlation between the test angle and the 
volume of implant (p<0.05, r= -0.719) and abutment 
(p<0.01, r= -0.947) material lost. There is a positive 
correlation between the volume of implant (p<0.01, 
r=0.802) and abutment (p<0.01, r= 0.976) material lost 
with the vertical movement. A positive correlation 
between the volume of implant and abutment material 
lost (p<0.01, r= 0.863) was found. In the Spearman’s 
correlation analysis of groups A and B (Table 5), there is a 
negative correlation between the increase in rotational 
freedom and the wear of the abutment (p<0.01, r= -
0.986). There is a positive correlation between the 
volume of abutment (p<0.05, r= 0.899) with the vertical 
movement. A positive correlation between the volume of 
implant and abutment material lost (p<0.01, r= 0.863)  
 
was found. Analyzing the Spearman’s correlation data 
from the individual abutment types was not possible due 
to the small sample. 
 
 
Before After 
Group A 360 360 
Group B 1,706º ± 0,187º 7,260º ± 3,305º 
Group C 1,910º± 0,545º 3,291º ± 0.901 º 
Table 2: Rotational Freedom. 
 
 
Implant Abutment 
Group A 1,377 1,163 
Group B 1,708 ± 1,200 1,459 ± 0,729 
Group C 1,399 ± 0,021 0,021 ± 0,013 
Group D - 
Titanium 
2,753 2,934 
Group D - 
Zirconia 
6,185 0,081 
Table 3: Volume loss in grams/mm3. 
 
 
Test 
Angle 
Initial 
Rotational 
Freedom 
Final 
Rotational 
Freedom 
Rotational 
Freedom 
Increase 
Implant 
Volume 
Loss 
(mm3) 
Abutment 
Volume 
Loss 
(mm3) 
Max Torque 
Clockwise 
Max Torque 
Counter 
Clockwise 
Test Angle 
Correlation 
Coefficient 
1,000 -0,293 ,878* ,878* -0,098 -,891* -0,293 -0,683 
Sig. (2-tailed) 1,000 0,573 0,021 0,021 0,854 0,017 0,573 0,135 
Initial Rotational 
Freedom 
Correlation 
Coefficient 
-0,293 1,000 -0,143 -0,143 -0,429 0,029 0,086 0,200 
Sig. (2-tailed) 0,573 1,000 0,787 0,787 0,397 0,957 0,872 0,704 
Final Rotational 
Freedom 
Correlation 
Coefficient 
,878* -0,143 1,000 1,000** -0,543 -,986** -0,429 -0,314 
Sig. (2-tailed) 0,021 0,787 1,000 0,000 0,266 0,000 0,397 0,544 
Rotational Freedom 
Increase 
Correlation 
Coefficient 
,878* -0,143 1,000** 1,000 -0,543 -,986** -0,429 -0,314 
Sig. (2-tailed) 0,021 0,787 0,000 1,000 0,266 0,000 0,397 0,544 
Implant Volume Loss 
(mm3) 
Correlation 
Coefficient 
-0,098 -0,429 -0,543 -0,543 1,000 0,522 0,257 -0,486 
Sig. (2-tailed) 0,854 0,397 0,266 0,266 1,000 0,288 0,623 0,329 
Abutment Volume 
Loss (mm3) 
Correlation 
Coefficient 
-,891* 0,029 -,986** -,986** 0,522 1,000 0,406 0,406 
Sig. (2-tailed) 0,017 0,957 0,000 0,000 0,288 1,000 0,425 0,425 
Max Torque 
Clockwise 
Correlation 
Coefficient 
-0,293 0,086 -0,429 -0,429 0,257 0,406 1,000 -0,086 
Sig. (2-tailed) 0,573 0,872 0,397 0,397 0,623 0,425 1,000 0,872 
Max Torque Counter 
Clockwise 
Correlation 
Coefficient 
-0,683 0,200 -0,314 -0,314 -0,486 0,406 -0,086 1,000 
Sig. (2-tailed) 0,135 0,704 0,544 0,544 0,329 0,425 0,872 1,000 
*. Correlation is significant at the 0.05 level (2-tailed) 
**. Correlation is significant at the 0.01 level (2-tailed) 
Table 4: Spearman’s correlation analysis all groups. 
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Test 
Angle 
Initial 
Rotational 
Freedom 
Final 
Rotational 
Freedom 
Rotational 
Freedom 
Increase 
Implant 
Volume 
Loss 
(mm3) 
Abutment 
Volume 
Loss 
(mm3) 
Max 
Torque 
Clockwise 
Max Torque 
Counter 
Clockwise 
Test Angle 
Correlation 
Coefficient 
1,000 -0,293 ,878* ,878* -0,098 -,891* -0,293 -0,683 
Sig. (2-
tailed) 
1,000 0,573 0,021 0,021 0,854 0,017 0,573 0,135 
Initial 
Rotational 
Freedom 
Correlation 
Coefficient 
-0,293 1,000 -0,143 -0,143 -0,429 0,029 0,086 0,200 
Sig. (2-
tailed) 
0,573 1,000 0,787 0,787 0,397 0,957 0,872 0,704 
Final 
Rotational 
Freedom 
Correlation 
Coefficient 
,878* -0,143 1,000 1,000** -0,543 -,986** -0,429 -0,314 
Sig. (2-
tailed) 
0,021 0,787 1,000 0,000 0,266 0,000 0,397 0,544 
Rotational 
Freedom 
Increase 
Correlation 
Coefficient 
,878* -0,143 1,000** 1,000 -0,543 -,986** -0,429 -0,314 
Sig. (2-
tailed) 
0,021 0,787 0,000 1,000 0,266 0,000 0,397 0,544 
Implant 
Volume 
Loss 
(mm3) 
Correlation 
Coefficient 
-0,098 -0,429 -0,543 -0,543 1,000 0,522 0,257 -0,486 
Sig. (2-
tailed) 
0,854 0,397 0,266 0,266 1,000 0,288 0,623 0,329 
Abutment 
Volume 
Loss 
(mm3) 
Correlation 
Coefficient 
-,891* 0,029 -,986** -,986** 0,522 1,000 0,406 0,406 
Sig. (2-
tailed) 
0,017 0,957 0,000 0,000 0,288 1,000 0,425 0,425 
Max 
Torque 
Clockwise 
Correlation 
Coefficient 
-0,293 0,086 -0,429 -0,429 0,257 0,406 1,000 -0,086 
Sig. (2-
tailed) 
0,573 0,872 0,397 0,397 0,623 0,425 1,000 0,872 
Max 
Torque 
Counter 
Clockwise 
Correlation 
Coefficient 
-0,683 0,200 -0,314 -0,314 -0,486 0,406 -0,086 1,000 
Sig. (2-
tailed) 
0,135 0,704 0,544 0,544 0,329 0,425 0,872 1,000 
*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed) 
Table 5: Spearman’s correlation analysis comparing Groups A and B. 
 
     From the SEM evaluation (Figure 1-5) it is possible to 
observe fracture lines on the titanium implant and wear 
of the titanium hexagons. In the control group both the 
implant and the abutment hexagon did not show evidence 
of wear but there was adhesive wear on the outside ring 
of both components. There was evidence of adhesive wear 
and abrasion in both components of group B (titanium 
abutment) in all areas. In Group C (Zirconia abutments) 
there was adhesive wear, with oxidation and abrasion on 
the implant surfaces. On the zirconia abutment there was 
little adhesive wear. In all groups there was a lot of debris 
particles released from the wear. 
 
Figure 1: SEM of implant hexagon control group. 
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Figure 2: SEM of implant hexagon group A. 
 
 
 
Figure 3: SEM of implant hexagon group C. 
 
 
 
Figure 4: SEM of implant hexagon group D Titanium 
abutment. 
 
 
 
Figure 5: SEM of implant hexagon group D Zircnonia 
abutment. 
 
Discussion 
     The fatigue test increased the average rotational 
freedom due to the wear of the hexagons of the implant. 
The abutment hexagon suffers minimal damage in the 
Zirconia abutments but not in the Titanium. Although no 
significant correlation can be made with the Spearman’s 
analysis, there is a negative correlation between the 
rotational freedom and the wear of the titanium implant, 
i.e., as the rotational freedom increases the wear 
decreases. As the wear of the zirconia abutment is very 
small there is a small correlation but not significant with 
the torque registered by the machine. This can be 
attributed to the lower hardness of the titanium alloy. 
Commercially pure Titanium has a Vickers hardness of 
200 HV while the annealed Ti-6Al-4V is 340HV [13]. 
Zirconia has a Vickers hardness almost four times higher 
of 1300HV [14]. Also Titanium Mohs Hardness is 5.5 
while is Zirconia 8. [15]. High-cycle fatigue limits for Ti 
6Al-4V are greatly influenced by both microstructure and 
surface conditions [16]. Even though Ti-6Al-4V has a 
fracture toughness several times higher than Zirconia at 
75 MPa-m1/2 the material is too soft for the Zirconia 
[17,18]. Zirconia only has a fracture toughness of 5 MPa-
m1/2 [19], studies that evaluate the rotational freedom of 
implants or abutments show different results due to 
differences in machining tolerances of the different 
implant systems [20]. All implants but the control had the 
angles of the connection abraded and the circular 
platform where the abutment rests worn. This is 
consistent with the observations of Yao, et al. [21], 
Dhingra [22] also made reference to a rounding of the 
hexagon when the abutment used was either titanium or 
zirconia. Zirconia abutments caused a higher wear. In 
both cases debris were found [22]. 
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     Like Yüzügüllü’s [23] results, we found that the mating 
surfaces of the titanium abutment and the implant are 
separated and abraded. Although we found no fretting we 
did find breakage of the titanium implant external wall 
and adhesive wear. It is possible that 3rd body wear was 
present but our findings are not conclusive. Contrary to 
Yüzügüllü, we found a lot of debris after testing and in the 
SEM images especially in the outer edges of the implant 
neck [23]. This is the only area that contacts the 
abutment, while it is being subjected to high loads, 
leading to wear of those surfaces and loss of material. This 
was an expected outcome from our previous work where 
with the same experimental setup we tested for Titanium 
and Zirconia abutments at +/-3,3º [24].  
 
     Williams and Williams state that all metals, noble or 
passivated, will suffer a slow removal of ions from the 
surface, largely because of local and temporal variations 
in microstructure and environment [25]. They also made 
reference to the rate may either increase or decrease with 
time and doesn't have to be continuous, but metal ions 
will be released into that environment upon prolonged 
implantation [25]. The titanium surface appears stable 
because there is an outer oxide layer. Nonetheless, the 
outer layer Titanium ions suffer a dissolution and 
precipitation in a continuous time. The corrosion and 
dissolution of metals can create an electrode reaction. The 
mechanism and spread of titanium ions through the body 
is not fully understood [26]. 
 
     Implant corrosion, and the ion/particles release is one 
option to be considered as causing implant failure. There 
are studies that show a Titanium particle release 
associated with a successful implant osseointegration [27-
33]. Olmedo described the presence of macrophages 
loaded with Titanium particles in both peri-implant tissue 
of failed human dental implants and reactive lesions of 
the peri-implant mucosa an indication of corrosion [34]. 
Free Titanium ions can inhibit the growing of 
hydroxyapatite crystals and lead to local osteolysis with 
loss of implant stability [35]. 
 
     Metal debris and ion release has been linked to the 
inhibition of cellular differentiation, cytotoxicity, 
phagocytosis of Titanium particles by macrophages and 
other cells, inflammation, and neoplasia [36-39]. Recent 
studies have shown that fretting and disruption of the 
oxidized surface of implants can cause increased 
corrosion current and generate open circuit potential in 
excess of -500 mV [40]. Abnormal electrical signals may 
affect the response and stability of the surrounding tissue, 
and contact corrosion can amplify other types of 
corrosion by the rupture of the passive film and exposing 
unoxidized Titanium [41]. These abnormal currents and 
coupled electrical potentials are directly related to the 
cyclic loads applied to the implant [40,42]. Application to 
dentistry and orthopedics, cyclic loading come from the 
forces exerted after each mastication cycle or each step, 
respectively. It is therefore reasonable to suggest that 
cells and tissues in individuals with implants are exposed 
to abnormal electrical signals over long periods of time 
[41]. 
 
     It seems logical that whenever ceramic and metal meet, 
is the metal which erodes and wears. We also detected 
powder attached to the Zirconia abutments. This powder 
on the Zirconia abutments has been described by Klotz 
[43] and Dhingra [22] in 2011 and in 2013. In the study of 
Klotz [43] with 4 internal connection implants Astra 
(Astra Tech) observed a 8.3 times greater wear with 
Zirconia abutments than with Titanium abutments Klotz 
[43] and Dhingra [22] noted that the presence of residues 
in the interface of the implant and abutment as well as the 
screw head, presents a problem of third-body wear. Our 
SEM analysis cannot confirm this, we can only declare 
that it might have occurred during the test due to the 
amount of debris created. This powder is also observed in 
orthopedic joint prostheses, and has been shown to have 
biological consequences such as inflammation, pain, and 
limited movement [44-46]. Such effects have not been 
previously observed in dental implant systems because 
dentists are more inclined to think of a bacterial infection 
rather than a consequence of the wear of the implant 
connection. 
 
     Three new clinical studies published in 2014 on 
Titanium wear highlighting Titanium particles that were 
transferred to the pillars [47-49]. Tawse-Smith [48] 
describes the presence of Titanium in the surrounding 
gums, these might react as if it were a foreign body with 
histological evidence and SEM [48]. Wilson [49] describes 
the presence of Titanium and cement, speculating how the 
Titanium originated: due to wear or corrosion [47,49] 
found Titanium residue in Zirconia abutments (Cercon 
FRIADENT® ® Abutment, Dentsply Friadent) and wear of 
the internal hexagon connection XiVE® S plus implants 
(Dentsply Friadent, Mannheim, Germany) [47]. We 
believe that the lack of articles is not due to the fact that 
there is no problem, but has it develops slowly over time, 
in the future there will be clinical problems in the 
literature. The loose screw in an implant prosthesis may 
lead to the wear of the hexagon on both components. The 
wear is sufficient to compromise the implant abutment 
connection beyond repair. When a patient presents a 
loose crown, the dentist, should inspect both the 
connection on the implant and abutment and to take 
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preventive measures if necessary and to report this event 
to further research in this area. 
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